Background: Nonalcoholic fatty liver disease (NAFLD) is emerging as a major health problem in parallel with an increasing prevalence of obesity. Insulin resistance, abdominal and overall adiposity are closely associated with NAFLD; however the interplay between these in the relationship with NAFLD is unclear, especially in nondiabetic individuals. Methods: Measurements were made in 56,249 Korean subjects of abdominal ultrasound, fasting plasma insulin (FPI) and lipid concentrations, hepatitis serology, overall obesity (body mass index, BMI), and abdominal obesity (waist circumference, WC). Results: After rigorous exclusion criteria, 36,654 nondiabetic subjects (54% men) were enrolled. Subjects were divided into controls (no fatty liver on ultrasound, serum ALT<30U/L(men) or <19U/L (women)), fatty liver with normal ALT ("FL-NALT") and fatty liver with a high ALT ("FL-HALT"). After adjusting for age, BMI and WC, FPI concentrations and the concentration ratio of triglyceride/highdensity lipoprotein cholesterol (TG/HDL-C) were still significantly higher in the FL-NALT group, and higher again in the FL-HALT group. Odds ratios for the presence of FL-HALT with increasing quartiles of FPI and TG/HDL-C ratio were increased 5-7 fold over controls, independent of age, BMI and WC.
Nonalcoholic fatty liver disease (NAFLD) represents a spectrum of disease, ranging from simple fatty liver (FL), or steatosis, a generally benign accumulation of triglyceride in hepatocytes, to nonalcoholic steatohepatitis (NASH), which can progress to chronic liver disease, cirrhosis, and hepatocellular carcinoma (1, 2) . Along with the "obesity epidemic", the worldwide prevalence of NAFLD is increasing rapidly, and is generally assumed to be a consequence of obesity-induced insulin resistance (1) (2) (3) . On the other hand, not all obese individuals are insulin resistant, nor are all insulin resistant individuals obese (4) (5) (6) . Furthermore, many reports of the relationship between obesity, insulin resistance, and NAFLD have included relatively few individuals, often predominantly overweight, and/or with some degree of glucose intolerance (7) (8) (9) .
The current study was initiated to address some of these issues by taking advantage of a database obtained in a large group of apparently healthy, nondiabetic, middle-aged subjects that included measurements of hepatic ultrasonography and serum hepatic transaminases. The primary goal of our analysis was to evaluate the relationship between NAFLD and two surrogate markers of insulin resistance, taking into consideration the potentially confounding impact of differences in overall and abdominal obesity. The two surrogate markers of insulin resistance chosen for this purpose were the fasting plasma insulin (FPI) concentration and the plasma concentration ratio of triglyceride/high-density lipoprotein cholesterol (TG/HDL-C). Both of these variables have been shown to be significantly correlated with a specific measure of insulin-mediated glucose uptake (10) , with r-values of ~0.6.
Subjects and Methods
The initial study population consisted of 56,249 subjects (33,546 men and 22,703 women) who volunteered for a health status evaluation in between January 1st and September 30th 2005 at Kangbuk Samsung Hospital, College of Medicine, Sungkyunkwan University. Data was obtained from a retrospective medical record review, and the study protocol was approved by the Kangbuk Samsung Hospital ethics committee. In addition to a complete medical history and physical examination, and a chemical screening battery, all 56,249 subjects underwent an abdominal ultrasound and had blood drawn for serum levels of viral markers. The results of these preliminary observations resulted in the exclusion of a significant number from this analysis in order to avoid confounding factors, based on: a) a past history of diabetes or a fasting plasma glucose concentration >125 mg/dL (n=2630); b) a history of malignancy (n=293); c) consumption of alcohol in amounts in excess of 70g/week for women (n=986) and 140g/week for men (n=8688); d) Hepatitis C antibody (HCV Ab) positivity (n=107), Hepatitis B surface antigen (HbsAg) positivity (n=2408), or solitary Hepatitis B core antibody (HBcAb) positivity (n=2679). Also excluded from this analysis were subjects who took a variety of drugs reported to affect liver function (n=376 Abdominal ultrasonography (ASPEN; Acuson, Pennsylvania, USA) was performed to detect the presence of fatty infiltration in the liver by a core laboratory of experienced radiologists, all of whom used standard criteria in evaluating the images for hepatic fat (11) . The severity of the fatty liver (FL) was classified into three groups, Grades 1-3, according to the Mittelstaedt classification (11). Subjects with both FL and an ALT of less than 30 U/L for men and 19 U/L for women, as described by Prati et al (14) , were classified as having FL with a normal ALT ("FL-NALT"). Patients with FL and a serum ALT > 30 U/L for men/> 19 U/L for women were classified as "FL-HALT". These ALT cut points were determined after a review of previous work both in Koreans (12, 13) , and non-Koreans (14, 15) , in an effort to use genderspecific cut points that accurately detected abnormal values. Finally, subjects without FL on ultrasound, but an ALT>30 U/L(men)/>19 U/L (women) (5414 subjects) were not included in this analysis, but the mean FPI and TG/HDL-C concentrations for this group were compared with the other groups and are presented.
Since specific measures of insulinmediated glucose uptake had not been performed, the two following surrogate estimates of insulin sensitivity were used to assess the relationship between insulin resistance/hyperinsulinemia and FL. FPI concentrations are significantly correlated with direct measures of insulin resistance (10, 16) .
The plasma concentration ratio of TG/HDL-C is as closely related to direct measures of insulin resistance as is FPI concentration (10) , but has been shown to be superior to either TG or HDL-C alone (17) .
Statistics
Statistical analysis of the data was performed using SPSS version 14.0 (SPSS, Point Richmond, CA, USA), and the continuous variable data is presented as mean ± SD. Student's unpaired t-test was used to compare the means of Grade 1 FL versus Grades 2 and 3 combined. Analysis of variance (ANOVA) was used to evaluate the overall differences in means. ANCOVA was used to assess the effect of weight (BMI and WC) on the relationship between markers of insulin resistance and the presence of FL. For the comparison of nominal variables, the Chi-square method was used for cross-tabulation analysis. Multiple logistic regression analysis was used to analyze relationships between age, BMI, WC and insulin and the TG/HDL-C ratio and the presence of FL-NALT and FL-HALT. P values less than 0.05 were considered to be statistically significant. Table 1 , the subjects are separated by FL grade and gender. Subjects with Grades 2 and 3 FL were combined into one category, due to the very small numbers in Grade 3. For the remainder of the presented analyses, the FL grades are not separated, and the data is presented for two groups: FL-NALT and FL-HALT.
Results

Overall
The presence of FL and elevation of ALT increased with the degree of both overall and abdominal obesity.
The relevant clinical characteristics of the 36,654 subjects, divided into the three experimental groups (control, FL-NALT, and FL-HALT) are shown in Table 1 , with the two FL groups also divided into FL grades. In general, the FL groups had a higher overall (BMI) and abdominal (WC) obesity than controls, and the FL-HALT group was significantly more obese by both measures than the FL-NALT group. These data also show that there is a significant trend to have worsening metabolic variables (FPI, TG and HDL-C concentrations, and the TG/HDL-C concentration ratio) across the groups, from the control group to the FL-NALT group, and the FL-HALT group. After division of the two FL groups into Grades of FL, the same can be said of men with Grade 2 FL in comparison with those with Grade 1 FL, within both the FL-NALT and the FL-HALT groups. Thus, in men, the degree of steatosis was positively associated with worsening metabolic variables. For women, although the division into Grades of FL also demonstrated an association between worsening metabolic variables and a higher grade of FL, female subjects with Grade 2/3 FL in the two FL/ALT groups had equivalent mean values for variables. 
Odds ratios for features of NAFLD increased with increasing insulin resistance, independently of obesity.
In order to quantify the adverse impact of obesity on the degree of liver disease, odds ratios (ORs) were calculated between age, BMI and WC and the presence of FL-NALT or FL-HALT (Table 3 ). In this relatively young population, being older did not seem to have an adverse effect on the presence of NAFLD in men. However, for women, the two FL groups were significantly older than controls. In terms of adiposity, the larger the BMI or WC, the greater the OR of having either FL-NALT or FL-HALT. The increase in ORs ranged from 10% to 30%, with the values for BMI and WC seeming of comparable magnitude.
In Table 4 , the impact of insulin resistance was assessed with the calculation of ORs between FPI concentrations and the TG/HDL-C concentration ratio and the presence of FL-NALT or FL-HALT. For this purpose, the experimental population was divided into quartiles on the basis of their FPI concentration or their TG/HDL-C concentration ratio. Age, BMI and WC were included in the regression model for both the FPI and TG/HDL-C analyses, so that the increasing quartiles of the two markers of insulin resistance are independent of these three variables. In terms of FPI concentration, when comparing each of the three highest insulin quartiles with the lowest, ORs for the presence of FL-HALT increased significantly in both men and women, with the OR increasing five to six-fold in the quartile with the highest FPI concentration. For the TG/HDL-C ratio, similar results are seen. When looking at the ORs for FPI and TG/HDL-C concentrations in predicting the presence of FL-NALT, the results are similar for women, albeit of smaller magnitude. However for men, the OR for FL-NALT decreased with the highest FPI quartile, indicating a decrease in the risk with this degree of hyperinsulinemia. This is difficult to explain, but could indicate that in men an increasing FPI concentration is less associated with steatosis alone, and more associated with steatohepatitis. This is with the caveat that ALT is only a moderately accurate marker of inflammatory activity.
Thus apart from this one exception, the higher the FPI concentration and TG/HDL-C ratio, the significantly greater the OR of having either FL-NALT or FL-HALT.
Secondary analyses
Excluded from the above analyses were 5414 subjects (3412 female, 2002 male) with an isolated elevated ALT>30 U/L for men and >19 U/L for women (i.e., no FL on ultrasound), as they could not be included. We compared the mean FPI concentrations and TG/HDL-C ratios for this group with those of our other groups, and found that for both of these measures, the mean values for the isolated ALT group were significantly lower than either the FL-NALT or the FL-HALT groups after adjusting for age, BMI and WC (data not shown).
Discussion
Both obesity and insulin resistance have been identified as factors that are associated with deposition of fat in the liver, although it is unclear whether they are a cause of hepatic fat (18) (19) (20) (21) or a result of this hepatic fat (22) (23) (24) (25) . Since obesity and insulin resistance are themselves significantly correlated (26, 27) , it is difficult to clarify which of these two variables is most closely related to increased hepatic fat content. The problem is further confounded by questions as to the relative adverse impact of overall obesity as compared to abdominal obesity. This study is, to the best of our knowledge, the largest that has been performed analyzing associations between measures of overall and abdominal obesity, insulin resistance, hepatic transaminases and FL, using a comprehensive evaluation including ultrasound, hepatic enzymes and serum viral markers, in a nondiabetic, apparently healthy population. Tables 1  and 2 , it appears that both surrogate estimates of insulin resistance used in this study (FPI concentration and the TG/HDL-C concentration ratio) are independently associated with severity of liver disease. Thus, although the results in Table 1 indicate that both estimates of obesity (BMI and WC) and the two surrogate estimates of insulin resistance all increased significantly as a function of the presence of steatosis and a raised ALT, it can be seen from Table 2 that FPI concentration and the TG/HDL-C concentration ratio continued to be statistically associated with these features of liver disease when adjusted for differences in age, BMI, and WC.
Based upon the results in
Furthermore, when the subjects were divided into quartiles on the basis of the magnitude of their surrogate estimates of insulin resistance, the OR of having evidence of FL-HALT increased significantly with each successively higher quartile ( Table 4) . As with the results in Table  2 , these findings were independent of differences in age, BMI, and WC, and with the exception of relatively minor quantitative differences were true of both genders. Thus, in answer to the question we posed, the evidence strongly supports the notion that although both overall and abdominal obesity are associated with FL, the specific relationship between insulin resistance and FL is independent of either overall or abdominal obesity.
It is of interest that the relationships between either index of obesity and hepatic fat content were quite comparable, so that neither WC nor BMI was more predictive than the other of hepatic fat. However, the population under study was a very specific population of East Asian ancestry, with a lower mean BMI and WC than seen in Caucasians, and these findings may not be applicable to other ethnic groups. Further, it should be emphasized that the specific cut points that performed the best in this analysis may only be applicable to individuals of Korean ethnicity.
Although the results of this study seem relatively straight forward, certain weaknesses should be acknowledged. Firstly, subjects with sonographic evidence of cirrhosis were excluded, and in doing so some NAFLD chronic liver disease or cirrhosis may have also been excluded, explaining why we found such small numbers with Grade 3 FL. Also, NAFLD cirrhosis, where the hepatic fat tends to be greatly diminished, can be mistaken sonographically for normal non-FL (28) . Thirdly, and most importantly, our conclusions are based upon the combined use of hepatic ultrasonography and ALT measurements as markers of NAFLD, without morphological examination of hepatic tissue. We used "FL-HALT" to attempt to measure prevalence of inflammatory activity in the liver, to distinguish this from benign FL. We acknowledge that serum ALT levels have been shown to be at best a moderate predictor of hepatic necroinflammatory damage or steatohepatitis (29) (30) (31) , however, we would argue that the large number of apparently healthy individuals studied precludes the possibility of obtaining histology.
In summary, we demonstrate that although both adiposity and surrogate estimates of insulin resistance (the FPI concentration and the TG/HDL-C ratio) are associated with the estimates of NAFLD in this healthy, nondiabetic Korean population, these measures of insulin resistance predict NAFLD independently of both overall and abdominal overweight/obesity. 
